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(57) ABSTRACT

The flame-retardant high impact vinyl aromatic resin compo-
sition of the present invention comprises (A) about 100 parts
by weight of a rubber modified vinyl aromatic resin; (B) about
1 to about 30 parts by weight of a brominated diphenyl ethane
mixture; and (C) about 1 to about 10 parts by weight of
antimony oxide. The resin composition can have excellent
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FLAME-RETARDANT HIGH IMPACT VINYL
AROMATIC RESIN COMPOSITION HAVING
GOOD FLUIDITY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent Appli-
cation No. 2008-127479 filed on Dec. 15, 2008 1n the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein by reference 1n its entirety.

FIELD OF THE INVENTION

The present invention relates to a flame-retardant high
impact vinyl aromatic resin composition.

BACKGROUND OF THE INVENTION

In general, high impact polystyrene (HIPS) resins can have
excellent mechanical strength and extrusion and 1njection
workability and thus are used for interior and exterior mate-
rials of electric and electronic appliances. However, HIPS
resins have poor flame resistance and can expand and sustain
combustion since the resins themselves are decomposed
when 1gnited. Due to increased social concerns and standard-
1zed fire safety requirements, there 1s an increasing need to
manufacture flame-retardant exterior materials for electric
and electronic appliances.

One method for imparting flame retardancy to HIPS resins
includes adding flame retardants containing inert elements,
such as halogen, phosphorous and the like, and flame retard-
ing aids to the HIPS resins. As an example, halogen-contain-
ing organic compounds and antimony-containing norganic
compounds can be mixed with high impact polystyrene resins
to impart flame retardancy to the resin. Halogen-containing,
organic compounds typically used include decabromodiphe-
nyl ether, decabromodiphenyl oxide, decabromodiphenyl
cthane, tetrabromobisphenol A, brominated epoxy oligo-
mers, hexabromocyclododecane, 2,4,6-tr1s(2,4,6-tribro-
mophenoxy)-1,3,5-triazine, and the like.

However, 1n order to obtain UL94 V-0 ratings, excessive
amounts of halogen compounds and antimony trioxide
should be added to the HIPS resins. This can, however, dete-
riorate mechanical properties and tluidity of the HIPS resins.
For example, brominated epoxy oligomers are substantially
incompatible with high impact polystyrene resins and can
thereby lower mechanical properties such as impact strength,
even though higher molecular weight brominated epoxy oli-
gomers can increase heat resistance. Decabromodiphenyl
cthane can lower impact strength and fluidity of a resin com-
position and make a final resin product opaque due to its high
melting point and lack of dispersibility 1n the resins. Further,
2.4,6-tr1s(2,4,6-tribromophenoxy)-1,3,5-triazine 1s not desir-
able from an environmental aspect since it 1s prepared using
tri-bromophenol.

SUMMARY OF THE INVENTION

The present inventors provide a flame-retardant high
impact vinyl aromatic resin composition, which can have
improved impact resistance and fluidity, by adding a bromi-
nated diphenyl ethane mixture to improve compatibility with
rubber modified vinyl aromatic resins. The brominated diphe-
nyl ethane mixture can provide good flame retardancy, even
when used in a small amount. The brominated diphenyl
cthane mixture further can reduce the specific gravity of a
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final product and also can maintain or reveal the inherent
color of the product since tlame retardancy can be accom-
plished even with a small amount of flame retardant.

The present invention further provides a high impact vinyl
aromatic resin composition that can have excellent flame
retardancy.

The present invention further provides a high impact vinyl
aromatic resin composition that can have a balance of physi-
cal properties such as impact resistance and tluidity by using
a flame retardant with improved compatibility with the high
impact vinyl aromatic resin.

The present invention provides a flame-retardant high
impact vinyl aromatic resin composition. The resin compo-
sition comprises about 100 parts by weight of a rubber modi-
fied vinyl aromatic resin (A); about 1 to about 30 parts by
weight of a brominated diphenyl ethane mixture (B); and
about 1 to about 10 parts by weight of antimony oxide (C).

In an exemplary embodiment, the resin composition may
comprise about 100 parts by weight of a rubber modified
vinyl aromatic resin (A); about 3 to about 27 parts by weight
of a brominated diphenyl ethane mixture (B); and about 1 to
about 7 parts by weight of antimony oxide (C).

In another exemplary embodiment, the resin composition
may comprise about 100 parts by weight of a rubber modified
vinyl aromatic resin (A); about 10 to about 27 parts by weight
ol a brominated diphenyl ethane mixture (B); and about 1 to
about 5 parts by weight of antimony oxide (C).

In a further exemplary embodiment, the resin composition
may comprise 100 parts by weight of a rubber modified vinyl
aromatic resin (A); about 10 to about 20 parts by weight of a
brominated diphenyl ethane mixture (B); and about 1 to about
S parts by weight of antimony oxide (C).

In a still further exemplary embodiment, the resin compo-
sition may comprise about 100 parts by weight of a rubber
modified vinyl aromatic resin (A); about 21 to about 26 parts
by weight of a brominated diphenyl ethane mixture (B); and
about 1 to about 5 parts by weight of antimony oxide (C).

The rubber modified vinyl aromatic resin (A) may be a
polymer comprising about 5 to about 15% by weight of a
rubber polymer and about 85 to about 95% by weight of a
vinyl aromatic monomer.

In an exemplary embodiment, the rubber modified vinyl
aromatic resin (A) may be a mixture of a rubber modified
vinyl aromatic resin (Al) having an average rubber particle
diameter of about 0.1 to about 0.9 um and a rubber modified
vinyl aromatic resin (A2) having an average rubber particle
diameter of about 0.9 to about 4 um.

In an exemplary embodiment, the brominated diphenyl
cthane mixture (B), which is prepared by brominating diphe-
nyl ethane, may comprise about 5 to about 85% by weight of
hexabromodiphenyl ethane and about O to about 30% by
weight of heptabromodiphenyl ethane, based on the total
weight of the brominated diphenyl ethane mixture.

In another exemplary embodiment, the brominated diphe-
nyl ethane mixture (B) may comprise about 55 to about 85%
by weight of hexabromodiphenyl ethane and about 1 to about
25% by weight of odd numbered brominated diphenyle-
thanes, based on the total weight of the brominated diphenyl
cthane mixture.

In a further exemplary embodiment, the brominated diphe-
nyl ethane mixture (B) may comprise about 0 to about 2% by
weight of pentabromodiphenyl ethane, about 55 to about 85%
by weight of hexabromodiphenyl ethane, about 1 to about
20% by weight of heptabromodiphenyl ethane, about 1 to
about 25% by weight of octabromodiphenyl ethane, about 0
to about 10% by weight of nonabromodiphenyl ethane, and
about 0 to about 5% by weight of decabromodiphenyl ethane.
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In a still further exemplary embodiment, the brominated
diphenyl ethane mixture (B) may comprise about 5 to about

15% by weight of pentabromodiphenyl ethane, about 72 to
about 85% by weight of hexabromodiphenyl ethane, about 2
to about 10% by weight of heptabromodiphenyl ethane, and
about 0.1 to about 3% by weight of octabromodiphenyl
cthane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture (B) may comprise about 535 to about
75% by weight ol hexabromodiphenyl ethane, about 11 to
about 16% by weight of heptabromodiphenyl ethane, about
10 to about 20% by weight of octabromodiphenyl ethane, and
about 1 to about 9% by weight of nonabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture (B) may comprise about 0.1 to about
3% by weight of pentabromodiphenyl ethane, about 35 to
about 83% by weight of hexabromodiphenyl ethane, about 7
to about 15% by weight of heptabromodiphenyl ethane, about
S5 to about 20% by weight of octabromodiphenyl ethane, and
about 1 to about 7% by weight of nonabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture (B) may comprise about 0.1 to about
3% by weight of pentabromodiphenyl ethane, about 55 to
about 83% by weight of hexabromodiphenyl ethane, about 7
to about 15% by weight of heptabromodiphenyl ethane, about
S5 to about 20% by weight of octabromodiphenyl ethane,
about 1 to about 7% by weight of nonabromodiphenyl ethane,
and about 0.01 to about 1% by weight of decabromodiphenyl
cthane.

The resin composition may further comprise a bromine-
based flame retardant (D). I the resin composition comprises
the bromine-based tlame retardant (D), the resin composition
can comprise about 10 to about 30 parts by weight of a
mixture of the bromine-based flame retardant (D) and the
brominated diphenyl ethane mixture (B) based on about 100
parts by weight of the rubber modified vinyl aromatic resin.

The resin composition may further comprise one or more
additives, such as a plasticizer, a flame retardant other than a
halogen-based flame retardant, an anti-dripping agent, a ther-
mal stabilizer, a release agent, a weather resistant stabilizer, a
halogen stabilizer, a lubricant, a filler, a coupling agent, a
photostabilizer, an antioxidant, a coloring agent, an antistatic
agent, a dispersant, an 1mpact modifier, and the like, and
combinations thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present mvention now will be described more fully
hereinafter in the following detailed description of the mnven-
tion, in which some, but not all embodiments of the invention
are described. Indeed, this invention may be embodied 1n
many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisty appli-
cable legal requirements.

Rubber Modified Vinyl Aromatic (A)

The rubber modified vinyl aromatic resin of the present
invention can be produced by polymerizing a rubber polymer
with a vinyl aromatic monomer. The rubber modified vinyl
aromatic resin of the present invention may also be referred to
as a rubber modified polystyrene resin,

Examples of the rubber polymer may include without limi-
tation diene-based rubbers, such as butadiene rubbers, sty-
rene-butadiene copolymers and poly(acrylonitrile-butadi-
ene), saturated rubbers in which hydrogen 1s added to the
diene-based rubbers, 1soprene rubbers, acryl-based rubbers,
cthylene-propylene-diene terpolymers (EPDM), and the like,
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and combinations thereof. Among these examples, polybuta-
diene, styrene-butadiene copolymers, 1soprene rubbers, and
alkyl acrylate rubbers may be employed. The rubber polymer
may be used 1n the amount of about 5 to about 15% by weight
based on the total weight of the rubber modified vinyl aro-
matic resin. The rubber may have a particle size of about 0.1
to about 4.0 um.

In an exemplary embodiment, the rubbers may be dis-
persed 1n the form of a bi-modal or a tri-modal rubber with
respect to rubber particle diameter. In one exemplary embodi-
ment, the rubber modified vinyl aromatic resin (A) may be a
mixture of arubber modified vinyl aromatic resin (Al)having
an average rubber particle diameter of about 0.1 to about 0.9
um and a rubber modified vinyl aromatic resin (A2) having an
average rubber particle diameter of about 0.9 to about 4 um.
Although there 1s not a particular limit on amixing ratio of the
rubber modified vinyl aromatic resin (Al) and the rubber
modified vinyl aromatic resin (A2), they may be used at a

weight ratio of about 3:7 to about 7:3, for example about
5.5:4.5 to about 7:3.

Examples of the vinyl aromatic monomer may include
without limitation styrene, o-methylstyrene, 3-methylsty-
rene, p-methylstyrene, para-t-butylstyrene, ethylstyrene, and
the like, and combinations thereotf. The vinyl aromatic mono-
mer may be added 1in the amount of about 85 to about 95% by
weight based on the total weight of the rubber modified vinyl
aromatic resin.

The rubber modified vinyl aromatic resin (A) of the present
invention may further include additional monomers such as
acrylonitrile, acrylic acid, methacrylic acid, maleic anhy-
dride, N-substituted maleimide, and the like, and combina-
tions thereol 1n order to impart properties such as chemical
resistance, workability and heat resistance. These monomers
may be added 1n an amount of about 40% by weight or less
based on the total weight of the rubber modified vinyl aro-
matic resin.

The rubber modified vinyl aromatic resin may be polymer-
1zed by thermal polymerization without an initiator, or poly-
merized with an mitiator. Examples of polymerization nitia-
tors may include without limitation peroxide-based imitiators
such as benzoyl peroxide, t-butyl hydroperoxide, acetyl per-
oxide and cumene hydroperoxide, azo-based initiators such
as azobis 1sobutyronitrile, and the like, and combinations
thereof. However, the polymerization nitiator 1s not neces-
sarily limited thereto.

The rubber modified vinyl aromatic resin (A) may be pro-
duced by bulk polymerization, suspension polymerization,
emulsion polymerization, or a combination thereof. Among
these, the bulk polymerization may be used.

Brominated Diphenyl Ethane Mixture (B)

The brominated diphenyl ethane mixture (B) of the present
invention 1s a mixture produced by brominating diphenyl
cthane and 1s a reaction product obtained by adding about 5 to
about 9 bromine atoms to diphenyl ethane and then recover-
ing brominated diphenyl ethane from the reactant. In an
exemplary embodiment, the brominated diphenyl ethane
mixture (B) comprises about 5 to about 85% by weight of
hexabromodiphenyl ethane and about O to about 30% by
weight of heptabromodiphenyl ethane, based on the total
weight of the brominated diphenyl ethane mixture.

In one exemplary embodiment, the brominated diphenyl
cthane mixture may be prepared by 1njecting bromine 1nto a
reactor including diphenyl ethane, a solvent, and a catalyst,
and maintaining the reactor at a temperature of about -20 to
about 35° C. to react the materials for about 0.5 to about 24
hours.




US 8,193,272 B2

S

The catalyst may be a metal, such as aluminum or anti-
mony, a bromide or a chloride of the metal, or a combination
thereol. Examples of the catalyst may include without limi-
tation Al, AICl;, Sb, Sb(Cl;, SbCl., SbBr;, SbClBr,, SbBrCl,,
Fe, FeCl,, FeBr,, Ti1, TiCl,, TiBr,, Sn, SnCl,, SnBr;, SnCl,,
AlBr;, Be, BeCl,, Cd, Cd(Cl,, Zn, ZnCl,, B, BF,, BCl,, BBr;,
BiCl,, and the like, and combinations thereof. The catalyst

can be used 1n the amount of about 0.01 to about 3 moles per
about 1 mole of diphenyl ethane.

Bromine can be injected at a ratio of about 5 to about 9
moles, for example about 6.0 to about 8 moles, as another
example about 6.2 to about 7.7 moles, per about 1 mole of
diphenyl ethane such that about 5 to about 8.5 hydrogens 1n
diphenyl ethane are substituted with Br.

In an exemplary embodiment, the brominated diphenyl
cthane mixture may be a mixture of hexabromodiphenyl
cthane, heptabromodiphenyl ethane, and octabromodiphenyl
cthane, or a mixture of tetrabromodiphenyl ethane, pentabro-
modiphenyl ethane, and hexabromodiphenyl ethane.

In another exemplary embodiment, the brominated diphe-
nyl ethane mixture may further comprise pentabromodiphe-
nyl ethane, nonabromodiphenyl ethane, decabromodiphenyl
cthane, and low molecular weight hydrocarbon. Examples of
the low molecular weight hydrocarbon may include without
limitation monobromodiphenyl ethane, dibromodiphenyl
cthane, tribromodiphenyl ethane, tetrabromodiphenyl
ethane, and the like, and combinations thereof.

Based on an arearatio in a GC/MS analysis, the brominated
diphenyl ethane mixture may comprise heptabromodiphenyl
cthane 1 an amount of about O to about 30% by weight, for
example about 0.01 to about 20% by weight, and as another
example about 0.01 to about 17% by weight. Further, the
brominated diphenyl ethane mixture may comprise hexabro-
modiphenyl ethane 1n an amount of about 5 to about 85% by
weight, for example about 10 to about 85% by weight, and as
another example about 35 to about 85% by weight.

In an exemplary embodiment, the brominated diphenyl
cthane mixture (B) may comprise about 35 to about 85% by
weight of hexabromodiphenyl ethane and about 1 to about
25% by weight of odd numbered brominated diphenylethanes
in the total brominated diphenyl ethane mixture. The odd
numbered brominated diphenylethanes can include pentabro-
modiphenyl ethane, heptabromodiphenyl ethane, nonabro-
modiphenyl ethane, or combinations of two or more thereof.

In an exemplary embodiment, based on an area ratio in a
GC/MS analysis, the brominated diphenyl ethane mixture
may comprise about O to about 2% by weight of pentabromo-
diphenyl ethane, about 55 to about 85% by weight of hexabro-
modiphenyl ethane, about 1 to about 20% by weight of hep-
tabromodiphenyl ethane, about 1 to about 25% by weight of
octabromodiphenyl ethane, about 0 to about 10% by weight
of nonabromodiphenyl ethane, and about O to about 5% by
weight of decabromodiphenyl ethane.

In another exemplary embodiment, the brominated diphe-
nyl ethane mixture may comprise about 5 to about 15% by
weilght of pentabromodiphenyl ethane, about 72 to about 85%
by weight of hexabromodiphenyl ethane, about 2 to about
10% by weight of heptabromodiphenyl ethane, and about 0.1
to about 3% by weight of octabromodiphenyl ethane. In a
turther exemplary embodiment, the brominated diphenyl
cthane mixture may comprise about 10 to about 15% by
weilght ol pentabromodiphenyl ethane, about 75 to about 82%
by weight of hexabromodiphenyl ethane, about 5 to about
10% by weight of heptabromodiphenyl ethane, and about 0.1
to about 1% by weight of octabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 55 to about 75%
by weight of hexabromodiphenyl ethane, about 11 to about
16% by weight of heptabromodiphenyl ethane, about 10 to
about 20% by weight of octabromodiphenyl ethane, and
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about 1 to about 9% by weight of nonabromodiphenyl ethane.
In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 55 to about 70%
by weight of hexabromodiphenyl ethane, about 12 to about
16% by weight of heptabromodiphenyl ethane, about 12 to
about 20% by weight of octabromodiphenyl ethane, about 5
to about 9% by weight of nonabromodiphenyl ethane, and

about 0.01 to about 1% by weight of decabromodiphenyl
cthane.

In a further exemplary embodiment, the brominated diphe-
nyl ethane mixture may comprise about 0.1 to about 3% by
weilght of pentabromodiphenyl ethane, about 55 to about 83%
by weight of hexabromodiphenyl ethane, about 7 to about
15% by weight of heptabromodiphenyl ethane, about 5 to
about 20% by weight of octabromodiphenyl ethane, and
about 1 to about 7% by weight of nonabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 1 to about 2.5%
by weight of pentabromodiphenyl ethane, about 60 to about
75% by weight of hexabromodiphenyl ethane, about 10 to
about 14% by weight of heptabromodiphenyl ethane, about
10 to about 17% by weight of octabromodiphenyl ethane,
about 3 to about 6% by weight of nonabromodiphenyl ethane,
and about 0.1 to about 1% by weight of decabromodiphenyl
cthane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 0.1 to about 3%
by weight of pentabromodiphenyl ethane, about 55 to about
83% by weight of hexabromodiphenyl ethane, about 7 to
about 15% by weight of heptabromodiphenyl ethane, about 5
to about 20% by weight of octabromodiphenyl ethane, about
1 to about 7% by weight of nonabromodiphenyl ethane, and
about 0.01 to about 1% by weight of decabromodiphenyl
cthane.

In a further exemplary embodiment, the brominated diphe-
nyl ethane mixture may comprise about 35 to about 83% by
weight of hexabromodiphenyl ethane, about 7 to about 17%
by weight of heptabromodiphenyl ethane, about 5 to about
23% by weight of octabromodiphenyl ethane, about 1 to
about 7% by weight of nonabromodiphenyl ethane, and about
0.01 to about 1% by weight of decabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 10 to about 25%
by weight of tetrabromodiphenyl ethane, about 35 to about
715% by weight of pentabromodiphenyl ethane, and about 10
to about 35% by weight of hexabromodiphenyl ethane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 0.5 to about 3%
by weight of pentabromodiphenyl ethane, about 75 to about
85% by weight of hexabromodiphenyl ethane, about 8 to
about 20% by weight of heptabromodiphenyl ethane, and
about 0.5 to about 5% by weight of octabromodiphenyl
cthane.

In a still further exemplary embodiment, the brominated
diphenyl ethane mixture may comprise about 15 to about 45%
by weight of hexabromodiphenyl ethane, about 10 to about
20% by weight of heptabromodiphenyl ethane, about 25 to
about 50% by weight of octabromodiphenyl ethane, about 10
to about 30% by weight of nonabromodiphenyl ethane, and
about 0.5 to about 3% by weight ol decabromodiphenyl
cthane.

In the present ivention, the brominated diphenyl ethane
mixture (B) may be used 1n the amount of about 1 to about 30
parts by weight based on about 100 parts by weight of the
rubber modified vinyl aromatic resin (A). If the brominated
diphenyl ethane mixture (B) 1s used 1n an amount of less than
about 1 part by weight, suificient flame retardancy may not be
obtained. If the brominated diphenyl ethane mixture (B) 1s
used 1n an amount of more than about 30 parts by weight,
fluidity may deteriorate. The brominated diphenyl ethane
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mixture (B) may be used in an amount of for example about
3 to about 25 parts by weight, as another example about 5 to
about 20 parts by weight, and as another example about 7 to
about 15 parts by weight, based on about 100 parts by weight
of the rubber modified vinyl aromatic resin (A).

Antimony Oxide (C)

In the present invention, antimony oxide functions as a
flame retarding aid to improve tlame retardancy. Examples of
the antimony oxide may include without limitation antimony

trioxide, antimony pentoxide, and the like, and a combination
thereol. Among these, antimony trioxide may be used.

For antimony trioxide, about 50% ofthe particles may have
a particle size ranging from about 0.01 to about 6 um, for
example about 0.02 to about 3.0 um.

For antimony pentoxide, about 50% of the particles may
have a particle size ranging from about 0.01 to about 1.0 um,
for example about 0.02 to about 0.5 um.

The antimony oxide (C) of the present invention may be
used in an amount of about 1 to about 10 parts by weight based
on about 100 parts by weight of the rubber modified vinyl
aromatic resin (A). If antimony oxide (C) 1s used 1n an amount
less than about 1 part by weight, 1t can be difficult to provide
a flame retardancy synergistic effect. When antimony oxide
(C) 1s used 1in an amount of more than about 10 parts by
weight, the balance of physical properties of the resin may
deteriorate. As another example, the antimony oxide (C) may
be used 1n an amount of about 1 to about 7 parts by weight or
about 2 to about 5 parts by weight.

Bromine-Based Flame Retardant (D)

The flame-retardant high 1mpact vinyl aromatic resin com-
position of the present invention may optionally further com-
prise a bromine-based flame retardant (D). Examples of the
bromine-based flame retardant (D) may include without limi-
tation tetrabromobisphenol A, decabromodiphenyl oxide,
decabrominated diphenyl ethane, 1,2-bis(tribromophenyl)
cthane, brominated epoxy oligomers with a weight-average
molecular weight of about 600 to about 8000 g/mol, octabro-
motrimethylphenyl indane, bis(2,3-dibromopropyl ether),
tris(tribromophenyl) triazine, brominated aliphatic and aro-
matic hydrocarbons, and the like, and combinations thereof.
The bromine-based tlame retardant (D) may used singly or in
the form of combinations of two or more thereof.

When a bromine-based flame retardant (D) 1s present, the
amount of a mixture of the brominated diphenyl ethane mix-
ture (B) and the bromine-based flame retardant (D) can be
about 10 to about 30 parts by weight, for example about 12 to
about 25 parts by weight, based on about 100 parts by weight
of the rubber modified vinyl aromatic resin.

If necessary, the thermoplastic resin composition of the
present invention may further comprise one or more addi-
tives, such as a plasticizer, a flame retardant other than a
halogen-based flame retardant, an anti-dripping agent, a ther-
mal stabilizer, a release agent, a weather resistant stabilizer, a
halogen stabilizer, a lubricant, a filler, a coupling agent, a
photostabilizer, an antioxidant, a coloring agent, an antistatic
agent, a dispersant, an impact modifier, and the like, and
combinations thereof. These additives may be used singly or
in the form of combinations of two or more thereof. Further,
other halogen-based or phosphorous-based flame retardants
may be used.

The resin composition of the present invention may be
manufactured into the form of pellets by mixing the foregoing,
components and optionally one or more additives and then
melting and extruding the mixture 1 an extruder. The manu-
factured pellets may be manufactured into various molded
articles using known molding methods, such as injection
molding, extrusion molding, vacuum molding, and casting,
molding.

According to another aspect of the present invention, there
1s provided a molded article obtained by molding the resin
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composition. The molded article can have excellent impact
resistance, fluidity, flame retardancy, and the like, and can be
used 1 a wide variety of products, such as but not limited to
components of electric and electronic appliances, exterior
materials, car components, miscellaneous goods, structural
materials, and the like.

The present invention will be well understood by the fol-
lowing examples. The following examples of the present
invention are only for 1llustrative purposes and are not con-

strued as being limited to the scope of the present invention
defined by the appended claims.

EXAMPLES

Specifications of the respective components used 1n the
following Examples and Comparative Examples are as fol-
lows.

Rubber Modified Polystyrene Resin (A)

A high flow HIPS resin (HF-1690HD) (Al) having an
average rubber particle diameter of 0.3 um manufactured by
Cheil Industries Inc. 1s used.

A high impact HIPS resin (HR-1360H) (A2) having an
average rubber particle diameter of 1 um manufactured by
Cheil Industries Inc. 1s used.

Brominated Diphenyl Ethane Mixture (B)

A brominated diphenyl ethane mixture 1s used which 1s
synthesized by adding 5 to 8.5 equivalents of Br to diphenyl
cthane as follows such that hydrogen in diphenyl ethane is
substituted by Br.

Preparation Example 1
Preparation of B1

About 111 g of dichloroethane and about 163 g of bromine
are 1njected mto a 500 ml four-neck flask equipped with a
thermometer, a stirrer and a cooling tube, and the mixture 1s
cooled to about -5° C. while being stirred to form a bromine
solution. Subsequently, about 156 g of dichloroethane, about
36.4 g of diphenyl ethane and about 0.91 g of ferric chlonde
are 1mjected mto a 1 L four-neck flask, and the mixture 1s
stirred and dissolved to form a reaction solution. The previ-
ously prepared bromine solution 1s dropped 1nto the reaction
solution at about 10° C. for about 4 hours, and thereafter the
solution 1s heated and aged at about 25° C. for about 2 hours.
After about 75% of the bromine solution 1s dropped, crystals
began precipitating, and the reaction solution finally becomes
a slurry state.

After completing the reaction, a solvent 1s distilled from
the solution by 1njecting about 280 g of water and about 0.8 g
of hydrazine 1nto a reactor, removing bromine remaining in
the reactor, and heating the solution from which bromine has
been removed. About 117.1 g of an 1vory-colored brominated
diphenyl ethane mixture (B1) 1s obtained by distilling and
filtering all ofthe solvent, washing the resulting material with
water, and drying 1t at about 100° C. for about 4 hours. The
brominated diphenyl ethane mixture 1s obtained at a high
yield of about 93% with respect to the injected diphenyl
cthane. CG/MS and elemental analysis results of the obtained
brominated diphenyl ethane mixture are represented 1n Table
1. The average number of bromines substituted in the bromi-
nated diphenyl ethane 1s 5.

Preparation Example 2
Preparation of B2
A preparation process 1s carried out 1n the same manner as

Preparation Example 1 except that a bromine solution pre-
pared by ijecting about 195.6 g of bromine 1nto about 111 g
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of dichloroethane 1s titrated. The prepared brominated diphe-
nyl ethane mixture (B2) 1s about 124.6 g.

Preparation Example 3

Preparation of B3

About 111 g of dichloroethane and about 208.6 g of bro-
mine are mjected into a 500 ml four-neck flask equipped with
a thermometer, a stirrer and a cooling tube, and the mixture 1s
cooled to about -5° C. while being stirred to form a bromine
solution. Subsequently, about 156 g of dichloroethane, about
36.4 g of diphenyl ethane and about 0.91 g of ferric chloride
are 1jected mto a 1 L four-neck flask, and the mixture is
stirred and dissolved to form a reaction solution. The previ-
ously prepared bromine solution 1s dropped into the reaction
solution at about 10° C. for about 4 hours, and thereatter the
solution 1s heated and aged at about 25° C. for about 2 hours.
After about 75% of the bromine solution 1s dropped, crystals
began precipitating, and the reaction solution finally became
a slurry state.

After completing the reaction, a solvent 1s distilled from
the solution by 1njecting about 280 g of water and about 0.8 g
of hydrazine into a reactor, removing bromine remaining in
the reactor, and heating the solution from which bromine has
been removed. About 130.6 g of an 1vory-colored brominated
diphenyl ethane mixture (B3) 1s obtained by distilling and
filtering all of the solvent, washing the resulting material with
water, and drying 1t at about 100° C. for about 4 hours. The
brominated diphenyl ethane mixture 1s obtained at a high
yield of about 93% with respect to the injected diphenyl
cthane. CG/MS and elemental analysis results of the obtained
brominated diphenyl ethane mixture are represented in Table
1. The average number of bromines substituted in the bromi-

nated diphenyl ethane 1s 6.4,

Preparation Example 4
Preparation of B4

A preparation process 1s carried out in the same manner as
Preparation Example 1 except that a bromine solution pre-
pared by mnjecting about 220 g of bromine 1into about 111 g of
dichloroethane 1s titrated. The prepared brominated diphenyl
cthane mixture (B4) 1s about 135.8 g.

Preparation Example 5
Preparation of B5

A preparation process 1s carried out in the same manner as
Preparation Example 1 except that a bromine solution pre-
pared by mjecting about 228.2 g of bromine 1nto about 111 g
of dichloroethane 1s titrated. The prepared brominated diphe-
nyl ethane mixture (B5) 1s about 139.5 g.

Preparation Example 6
Preparation of B6

A preparation process 1s carried out 1n the same manner as
Preparation Example 1 except that a bromine solution pre-
pared by mjecting about 239.6 g of bromine 1nto about 111 g
of dichloroethane 1s titrated. The prepared brominated diphe-
nyl ethane mixture (B6) 1s about 144.8 g.

Preparation Example 7
Preparation of B7

A preparation process 1s carried out in the same manner as
Preparation Example 1 except that a bromine solution pre-
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pared by 1njecting about 251 g of bromine into about 111 g of
dichloroethane 1s titrated. The prepared brominated diphenyl
cthane mixture (B7) 1s about 150.1 g.

Preparation Example 8
Preparation of B8

A preparation process 1s carried out in the same manner as
Preparation Example 1 except that a bromine solution pre-

pared by ijecting about 260.8 g of bromine nto about 111 g
of dichloroethane 1s titrated. The prepared brominated diphe-
nyl ethane mixture (B8) 1s about 154.5 g.

Preparation Example 9
Preparation of B9

A preparation process 1s carried out 1n the same manner as
Preparation Example 1 except that a bromine solution pre-

pared by mjecting about 277.1 g of bromine 1nto about 111 g
of dichloroethane 1s titrated. The prepared brominated diphe-
nyl ethane mixture (B9) 1s about 162.1 g.

Preparation Example 10

Preparation of B10

About 111 g of dichloroethane and about 239.6 g of bro-

mine are 1njected into a 500 ml four-neck flask equipped with
a thermometer, a stirrer and a cooling tube, and the mixture 1s
maintained to about -5° C. while being stirred to form a
bromine solution. Subsequently, about 156 g of dichloroet-
hane, about 36.4 g of diphenyl ethane and about 0.91 g of
zirconium chloride are injected into a 1 L four-neck flask, and
the mixture 1s stirred and dissolved to form a reaction solu-
tion. The previously prepared bromine solution 1s dropped
into the reaction solution at about 50° C. for about 4 hours,
and thereafter the solution 1s heated and aged at about 75° C.
for about 2 hours. After about 75% of the bromine solution 1s
dropped, crystals began precipitating, and the reaction solu-
tion finally became a slurry state.

After completing the reaction, a solvent 1s distilled from
the solution by 1injecting about 280 g of water and about 0.8 g
of hydrazine 1nto a reactor, removing bromine remaining in
the reactor, and heating the solution from which bromine has
been removed. About 147 g of an 1vory-colored brominated
diphenyl ethane mixture (B1) 1s obtained by distilling and
filtering all ofthe solvent, washing the resulting material with
water, and drying 1t at about 100° C. for about 4 hours. The
brominated diphenyl ethane mixture 1s obtained at a high
yield of about 95.1% with respect to the injected diphenyl
cthane. CG/MS and elemental analysis results of the obtained
brominated diphenyl ethane mixture are represented in Table
1. The average number of bromines substituted in the bromi-
nated diphenyl ethane 1s about 7.5.

Compositions of the synthesized brominated diphenyl
cthane mixtures are analyzed using GC/MS after completely
dissolving given samples into toluene to a dilution factor of

about 2000 (about 0.5 mg/mlL) and then filling GC vials with
1 mL of the dissolved solution. Agilent 7683 1njector, Agilent
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7890N Gas Chromatography, and Agilent 5975C Mass Spec-
troscopy Detector are used as measuring instruments. The
respective compositions are measured at an inlet temperature
of about 320° C., a splitratio of splitless, and an MS interface
temperature of about 280° C. by using a column of UA-1 or
DB-5HT having a column flow rate of 1.0 ml/min according
to an oven temperature program ol 40° C. (2 min)-40°
C./min—200° C.-10° C./min—260° C.-20° C./min—340° C.
(2 min). The qualitative analysis 1s conducted by injecting
about 1 ul of the samples mto a GC/MSD using an auto-
sampler. The respective measured compositions are used
based on an area. The Br content analysis 1s performed using
an IC and measured by drawing up calibration curves using an
IC-3500 after injecting an excessive amount of oxygen into the
samples and burning them. The compositions of the flame
retardants are represented 1n the following Table 1.

TABLE 1

Area Ratio (%)

10

15

12

A capping type brominated epoxy oligomer (Product
Name: KB-560) (D3) manufactured by KUKDO Chemical
Co., Ltd. 1s used.

Examples 1 to 9

After mixing the respective foregoing components 1n the
amounts represented in the following Tables 2 to 4, pellets are

produced by extruding the mixture of the components with an
ordinary twin extruder at a temperature range of about 190 to
about 230° C. After drying the produced pellets at about 70°
C. for 3 hours, samples for testing physical properties and
flame retardancy are manufactured by injecting the pellets
with a 6-0z mjector under conditions of a molding tempera-

Composition Bl B2 B3 B4 B3 B6 B7 B&
Equivalent 5 6 6.4 6.75 7 7.35 7.7 8
of Br

Brd 189 — — — — 1.5 — —
Br3 64.7 13.6 1.6 1.4 0.9 1.9 — —
Br6 164 79.9 R83.0 7176 71.2  65.7 574 354
Br7 — 6.2 135 134 13.8  12.8 15.0 16.1
Br& — 0.3 1.9 6.6 10.7  13.5 18.2  30.6
B9 — — — 1.0 3.4 4.5 8.8 16.8
Brl0 — — — — — 0.1 0.6 1.1

Antimony Oxide (C)

B9  Bl0O
8.5 7.5
— 203
16.0 21.9
1'7.1  39.2
41.0 1.3
243  16.7

1.6 0.6

ture ol about 180 to about 220° C. and a mold temperature of

Antimony trioxide (ANTIS-W) manufactured by Il Sung 35 about 30 to about 50° C.

Antimony Co., Ltd. of the Republic of Korea 1s used.
Bromine-Based Flame Retardants (D)

Decabromodiphenyl ethane (Product Name: SAYTEX
4010) (D1) manufactured by Albemarle Corporation 1s used.

2,4,6-1r15(2,4,6-tribromophenoxy)-1,3,5-tnazine (Product
Name: FR-245) (D2) manufactured by ICL Industrial Prod-
ucts 1s used.

40

Flame retardancy of the manufactured samples 1s mea-
sured at a sample thickness of 16" 1n accordance with a
standard UL 94. Izod impact strength (kgf-cm/cm) 1s mea-
sured 1n accordance with ASTM D256 (14", notched). Melt
flow index (g/10min) 1s measured according to ASTM D1238
(200° C./5 kg). Specific gravity 1s measured in accordance
with ASTM D792. The measurements results are represented
in the following Table 2.

TABLE 2
Example
Classification 1 2 3 4 5 6 7 8 9
Part by HIPS (A) Al 70 70 70 70 70 70 70 70 70
welght A2 30 30 30 30 30 30 30 30 30
(B) Bl 26 — — — — — — — —
B2 — 21 — — — — — — —
B3 — — 19.5 — — — — — —
B4 — — — 18.2 — — — — —
B3 — — — — 17.8 — — — —
B6 — — — — — 16.5 — — —
B7 — — — — — — 16 — —
BY — — — — — — — 15 —
B9 — — — — — — — — 14.3
Antimony 4 4 4 4 4 4 4 4 4
oxide (C)
Melt flow index 36.5 35.0 33.0 30.0 30.5 29.5 28.5 29.0 28.0
Impact strength 9.5 9.5 9.5 10.0 10.5 10.0 10.5 10.0 10.0
Flame Flame V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0
retardancy retardancy
(1.5mm) grade
Total burning 20" 15" 17" 15" 18" 18" 15" 18" 20"
time (sec)
Specific gravity 1.165 1.162 1.160 1.157 1.157 1.155 1.153 1.152 1.150
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Examples 10 to 15

Samples are manufactured imn the same manner as 1n
Example 1 except that a mixture of the brominated diphenyl
cthane mixtures (B) and the bromine-based tlame retardants
(D) are used as flame retardants. The compositions and mea-
surement results of the samples are represented in the follow-

ing Table 3.

14

resin, and can obtain flame-retardant high impact polystyrene
(HIPS) resin compositions with relatively low specific gravi-
ties.

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled 1n the art to which this
invention pertains having the benefit of the teachings pre-
sented 1n the foregoing descriptions. Therefore, 1t 1s to be
understood that the invention 1s not to be limited to the spe-

TABLE 3
Example
Classification 10 11 12 13 14 15
Part by HIPS (A) Al 70 70 70 70 70 70
welght A2 30 30 30 30 30 30
(B) B7 3 — 8.5 — 8.5 —
B¥ — 3 — 8.5 — 8.5
B9 — — — — — —
Antimony 4 4 4 4 4 4
oxide (C)
(D) D1 12 12 — — — —
D2 — — 8.5 8.5 — —
D3 — — — — 12 12
Melt flow index 14.5 15.0 23.5 22.0 30.5 22.6
Impact strength 10.0 10.0 11.0 11.0 9.0 10.5
Flame Flame V-0 V-0 V-0 V-0 V-0 V-0
retardancy retardancy
(1.5mm) grade
Total burning 18" 17" 15" 16" 20" 18"
time (sec)
Specific gravity 1.151 1.150 1.151 1.153 1.157 1.156

Comparative Examples 1 to 7

Samples are manufactured i the same manner as 1n
Example 1 except that the bromine-based flame retardants
(D) are used as flame retardants. Compositions and measure-
ment results of the samples are represented in the following

Table 4.

TABLE 4

Comparative Example

cific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes of limitation, the scope of the invention
being defined in the claims.

Classification 1 2 3 4 5
Part by HIPS (A) Al 70 70 70 70 70
welght A2 30 30 30 30 30
(B) B10 — — — — —
Antimony 4 4 4 4 4
oxide (C)
(D) D1 15 12 12 — —
D2 — 4 — 19 —
D3 — — 5 — 22
Melt flow index 12.0 13.5 15.0 18.5 35.6
Impact strength 9.0 9.0 8.0 9.5 6.5
Flame Flame V-0 V-0 V-0 V-0 V-0
retardancy retardancy
(1.5mm) grade
Total burning 20" 15" 10" 18" 20"
time (sec)
Specific gravity 1.144 1.151 1.165 1.161 1.161

As represented 1n the above Tables 2 and 3, the Examples

in which the brominated diphenyl ethane mixtures are added 60

to the rubber modified polystyrene resin can maintain more
excellent flame retardancy as compared with Comparative
Examples comprising same amount of the flame retardants,
can solve deterioration problems with mechanical physical

properties and melt flow imndexes occurring when excessive
quantities of existing tlame retardants are injected into the

6 7
70 70
30 30
16
4 4
R _
12 -
29.0 11
7.5 R
V-0 V-0
20” 15”
1.161  1.155

What 1s claimed 1s:

1. A flame-retardant impact resistant vinyl aromatic resin

composition, comprising:

(A) about 100 parts by weight of a rubber modified vinyl
aromatic resin;

(B) about 1 to about 30 parts by weight of a brominated
diphenyl ethane mixture based on about 100 parts by
weight of the rubber modified vinyl aromatic resin (A),
wherein the brominated diphenyl ethane mixture (B)
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comprises about 55 to about 85% by weight of hexabro-
modiphenyl ethane and about 1 to about 25% by weight
of odd number brominated diphenylethanes, based on
the total weight of the brominated diphenyl ethane mix-
ture; and

(C) about 1 to about 10 parts by weight of antimony oxide

based on about 100 parts by weight of the rubber modi-
fied vinyl aromatic resin (A).

2. The tlame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the rubber modified vinyl
aromatic resin (A) 1s a polymer comprising about 5 to about
15% by weight of a rubber polymer and about 85 to about
95% by weight of a vinyl aromatic monomer.

3. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the rubber modified vinyl
aromatic resin (A) 1s a mixture of a rubber modified vinyl
aromatic resin (Al) having an average rubber particle diam-
cter ol about 0.1 to about 0.9 um and a rubber modified vinyl
aromatic resin (A2) having an average rubber particle diam-
cter of about 0.9 to about 4 um.

4. The tlame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) 1s prepared by brominating diphenyl
cthane and comprises about 0 to about 30% by weight of
heptabromodiphenyl ethane, based on the total weight of the
brominated diphenyl ethane mixture.

5. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) comprises about 0 to about 2% by weight
of pentabromodiphenyl ethane, about 35 to about 83% by
weight of hexabromodiphenyl ethane, about 1 to about 20%
by weight of heptabromodiphenyl ethane, about 1 to about
25% by weight of octabromodiphenyl ethane, about 0 to
about 10% by weight of nonabromodiphenyl ethane, and
about 0 to about 5% by weight of decabromodiphenyl ethane.

6. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) comprises about 5 to about 15% by weight
ol pentabromodiphenyl ethane, about 72 to about 85% by
weilght of hexabromodiphenyl ethane, about 2 to about 10%
by weight of heptabromodiphenyl ethane, and about 0.1 to
about 3% by weight of octabromodiphenyl ethane.

7. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) comprises about 55 to about 75% by
weight of hexabromodiphenyl ethane, about 11 to about 16%
by weight of heptabromodiphenyl ethane, about 10 to about

10

15

20

25

30

35

40

45

16

20% by weight of octabromodiphenyl ethane, and about 1 to
about 9% by weight of nonabromodiphenyl ethane.

8. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) comprises about 0.1 to about 3% by
weight of pentabromodiphenyl ethane, about 55 to about 83%
by weight of hexabromodiphenyl ethane, about 7 to about
15% by weight of heptabromodiphenyl ethane, about 5 to
about 20% by weight of octabromodiphenyl ethane, and
about 1 to about 7% by weight of nonabromodiphenyl ethane.

9. The flame-retardant impact resistant vinyl aromatic resin
composition of claim 1, wherein the brominated diphenyl
cthane mixture (B) comprises about 0.1 to about 3% by
weight of pentabromodiphenyl ethane, about 55 to about 83%
by weight of hexabromodiphenyl ethane, about 7 to about
15% by weight of heptabromodiphenyl ethane, about 5 to
about 20% by weight of octabromodiphenyl ethane, about 1
to about 7% by weight of nonabromodiphenyl ethane, and
about 0.01 to about 1% by weight of decabromodiphenyl
cthane.

10. The flame-retardant 1mpact resistant vinyl aromatic
resin composition of claim 1, further comprising a flame
retardant including bromine (D) comprising tetrabromo-
bisphenol A, decabromodiphenyl oxide, decabrominated
diphenyl ethane, 1,2-bis(tribromophenyl)ethane, brominated
epoxy oligomers with a weight-average molecular weight of
about 600 to about 8000 g/mol, octabromotrimethylphenyl
indane, bis(2,3-dibromopropyl ether), tris(tribromophenyl)
triazine, brominated aliphatic and aromatic hydrocarbons, or
a combination thereof.

11. The flame-retardant 1mpact resistant vinyl aromatic
resin composition of claim 10, comprising the brominated
diphenyl ethane mixture (B) and the flame retardant including
bromine (D) 1n an amount of about 10 to about 30 parts by
welght based on about 100 parts by weight of the rubber
modified vinyl aromatic resin (A).

12. The flame-retardant 1mpact resistant vinyl aromatic
resin composition of claim 1, further comprising an additive
comprising a plasticizer, a flame retardant other than a halo-
gen-based flame retardant, an anti-dripping agent, a thermal
stabilizer, a release agent, a weather resistant stabilizer, a
halogen stabilizer, a lubricant, a filler, a coupling agent, a
photostabilizer, an antioxidant, a coloring agent, an antistatic
agent, a dispersant, an impact modifier, or a combination
thereof.
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